Introduction
sucrose in lean rats. Whereas the underlying mechanisms remain unknown and warrant future 94 investigations, it is feasible that similar effects may contribute to the beneficial changes in eating 95 behavior observed in GBS patients. 96 97
Materials and Methods 98

General Methods 99
Animal Care 100
Four-week old male OLETF and LETO rats were gift of the Tokushima Research Institute 101 (Otsuka Pharmaceutical, Tokushima, Japan). All animals were individually housed in mesh-102 floored, stainless-steel hanging cages in a temperature-controlled vivarium while maintained on a 103 constant 12:12-h light-dark cycle (lights on at 0700). Rats were handled daily for a minimum of 104 one week prior to the onset of experimental procedures. Pelleted normal rat chow (Rodent Diet-W 105 2018, Harlan Teklad, Madison, WI) was available ad libitum throughout experiments except when 106 otherwise stated. Tap water also was available ad libitum except when taste responses to aversive 107 chemicals were tested. All protocols were approved by The Pennsylvania State University College 108 of Medicine Institutional Animal Care and Use Committee and are in accordance with NIH 109
Guidelines. 110 potential effects of post-GBS reduction in calorie intake on the behavioral expression of sucrose 116 preference. 117
In Experiment 2 (electrophysiological study) a separate set of 8 OLETF and 8 LETO rats 118 were divided in equal number to receive GBS or SH (n=4). Electrophysiological recordings 119 started 3 to 4 weeks following the abdominal surgeries after at least 1 wk recovery from the cranial 120 surgeries. In contrast to Experiment 1, the control animals in Experiment 2 were not pair-fed in 121 order to compare the effect of GBS weight loss on neural responses in the obese vs the lean rats. 122 123
Roux-en-Y gastric bypass surgery (GBS) 124
A detailed description of the surgical technique, surgical controls and perioperative care for 125 GBS has been published elsewhere [41] . Briefly, rats were fasted overnight except for water the 126 night before the surgery. Following randomization, rats were weighed, then anesthetized with 127 isofluorane (3% for induction, 1.5% for maintenance). Ceftriaxone 100mg/kg intramuscular (IM) 128 (Roche, Nutley, NJ) was given as a prophylactic antibiotic. Under sterile conditions a midline 129 abdominal incision was made. In the GBS groups, the stomach was divided using a GIA stapler 130 (ETS-Flex Ethicon Endo surgery 45mm) to create a 20% gastric pouch, the small bowel was 131 Animals were housed individually, body weight and food consumption were monitored daily. To 139 allow the surgical anastamoses to heal, animals were not allowed to eat or drink until 24 hrs after 140
surgery. Approximately 24 hrs after surgery, animals were started on a liquid diet consisting of 141 BOOST® (Nestle Nutrition, Minneapolis, MN) and access to water ad lib. Regular chow was 142 started on postoperative day 3. 143
Surgical controls received the same protocols execept that intestinal manipulation was 144 performed instead of GBS followed by abdominal closure. We recognize that there are many 145 possible controls for these studies. Our control was chosen in order to draw conclusions about 146 taste based on our existing animal model [41] and prior to that for several other reasons: (1) The 147 laparotomy control with itestinal manipulation is a frequently used control for other surgical 148 studies [5, 49, 56] . (2) Early in our experience we performed an isolated enterotomy in the sham 149 animals and closed this primarily. We stopped doing this since it had no effect on any of the 150 parameters we studied when compared to bowel manipulation alone. This observation has been 151 repeated and confirmed by several other groups. Of particular relevance, a recent study by Strader 152 et al. [57] has demonstrated that ileal interposition a surgical manipulation that entails three 153 enterotomies in the jejunum and ileum (similar what we could do as a possible control for the 154 gastric bypass) had no effect on food intake or body weight similar to surgical controls where 155 enterotomies were reanastomosed instead of transposing the ileal segment to the jejunum. 156 Experiment 2, only daily body weight data from Experiment 1 are shown and discussed. For 161 experiment 2 only final body weights are provided. 162
To demonstrate the presence of obesity in the OLETF rats we have obtained from the 163 Tokushima Research Istitute, 1 H-NMR body composition analysis was performed (Bruker LF90  164 proton-NMR Minispec; Brucker Optics, Woodlands, TX) in a separate set of age-matched litter-165 mates (n=5 each strain). 166
Two-bottle sucrose preference tests 207
Following the lick rate tests (on postoperative week 6), preferences for two concentrations 208
of sucrose over water were tested separately in counterbalanced order with one day off between the 209 tests (i.e. the rats receiving only water). Two bottles, one filled with 0.3M or 1.0M sucrose 210 solution and another with water, were used. Placement of the bottles with sucrose and water was 211 randomized across the tests to avoid place preferences. Sucrose and water consumption was 212 measured for the period of 24 h by weighing preweighed bottles at the end of the test. Preference 213 was expressed as ratio of sucrose intake over total fluid intake (i.e. water and sucrose). The sucrose 214 preference test was carried out with food available all the time. 215
216
Chemicals used as oral stimuli 217
All chemicals used in the behavioral experiments were dissolved in filtered tap water from 218 a source identical to the maintenance water available to the animals in their home cages. All taste 219 stimuli were prepared freshly and presented at room temperature. Chemicals' purity was at least 220 95% and purchased from standard vendors, except for MSG that was obtained from a local grocery 221 store. Specifically, sucrose, fructose, Na-saccharin (1,2-Benzisothiazo1-3(2H)-one,1,1-dioxide, 222 sodium salt), citric acid, NaCl, alanine all were from Fisher Scientific Inc. (Fair Lawn, NJ) 223 whereas Quinine-HCl and capsaicin were from Sigma Corp. (St. Louis, MO). 224 225 226
Statistical Analysis 227
The licks elicited during each 10-s trial were measured, and the mean number of licks for 228 water and for each concentration of chemical was computed for each rat. These means were thenused to calculate the difference score between licks made for a given concentration of chemical 230 and those made for water: lick difference score (Chemical x) = licks (Chemical x) -licks (water). 231
The rationale for this was to control for differential water licks between strains and surgical 232
conditions. Repeated measure analysis of variance (RM-ANOVA; main factors: surgical 233 treatments, strain) with repeated measures (on concentrations) was conducted on the lick 234 difference score for each tastant. Post hoc tests were conducted, when appropriate, using Fisher's 235 least significant difference (LSD) tests. Data from OGTT tests was analyzed by two-way ANOVA 236 (strain and surgical conditions as main factors) and, the area under the curve (AUC) was calculated 237
for each group and compared between strains at each time point using a Student's t test. Body 238 weight was analyzed by two-way ANOVA (strain and surgical conditions as main factors). In all 239
analyses, significance was set at α= 0.05 and Statistica 6.0 software for PC was used (Tulsa, OK). 240
241
Experiment 2: Electrophysiology 242
Surgeries and semi-chronic preparation 243
To record taste responses in the PBN, we used a semi-chronic preparation successfully 244 used by our laboratory in normal [37, 38] as well as in OLETF rats [34, 35] . This procedure 245 utilizes a modified chronic recording technique [24] to localize the taste area and sets up an acrylic 246 head-piece with a reclosable opening over the brain target area. This allows repetitive recording 247 with a minimal and non-invasive preparation in a slightly anesthetized condition. 248
Surgeries were carried out under aseptic conditions and general anesthesia using 249 pentobarbital sodium (Nembutal, 50 mg/kg, ip, Abbott Laboratories, North Chicago, IL, USA). 250
Rectal temperature was monitored throughout anesthesia and maintained at 37-38 °C via a 251 feedback loop connected to a heating pad (FHC, Bowdoinham, ME). The rat was mounted in a 252 stereotaxic apparatus (Stoelting, Co., Wood Dale, IL) using blunt ear bars with the skull leveled 253 between bregma and lamda. The skull was exposed with a midline longitudinal incision, cleaned 254 of periosteum. Just caudal to the interparietal suture, a 3 x 5-mm oval area of the bone was 255 drilled away, the exposed dura excised, and a cap of dental acrylic is anchored to the skull using 256 stainless steel screws (1-72 x 1/8 in. Small Parts Inc.). Stainless steel wire was soldered onto two 257 screws to serve as a ground. An antibiotic ointment (Erythromycin, Bausch & Lomb Inc., Tampa, 258 FL) was placed on the exposed brain and then covered with a non-toxic silicone adhesive Cast, World Precision Instruments, Inc. Sarasota, FL). The acrylic was built up on the skull and 260 molded around the conical ends of two sets of stainless steel rods that were attached rigidly to the 261 ear bars. During subsequent recording sessions, these rods were reattached to the ear bars more 262 medially and fitted back into the acrylic impressions, thus painlessly fixing the rat's head in the 263 stereotaxic plane. After surgery, an antibiotic was administered topically around the head wound 264 (neomycin/polymixin, 0.5%) and systemically (gentamicin sulfate, 6 mg im). 265
266
Electrophysiological recordings and sapid stimuli 267
Following one week of recovery from the first surgery, the rats were re-anesthetized with a 268 lower dose of pentobarbital sodium (Nembutal, 35 mg/kg, ip, supplemented with 0.1 ml in every 269 hour), mounted by the steel rods in the stereotaxic apparatus, and the silicon cork was removed 270 from the hole on the acrylic headpiece and the underlying brain surface was cleaned with sterile 271 physiological saline. The PBN gustatory area was located electrophysiologically using an 272 electrode tilted 20˚ off perpendicular (tip anterior) to avoid damage to the transverse sinus. For 273 extracellular single unit recordings, tungsten microelectrodes were used (Z= 3-6 MΩ at 1kHz;FHC, Bowdoinham, ME, USA). Neural activity was recorded on-line using Cambridge Electronic 275
Design's hardware and Spike2 software along with the sapid stimulus onset mark. 276
For taste stimulation, the tongue was gently pulled out from the mouth and tied down in an 277 approximately 45-45° side-down angle using a 5-0 silk surgical suture in the middline. Inc., Tulsa, OK, USA) softwares for PC computers. Two-tailed, independent t-tests were used to 298 determine whether taste responses were statistically different (α = 0.05) to the pre-stimulus 5-s 299 water baseline activity. Non-significant responses were excluded from further analyses. Corrected 300 neural responses to a taste stimulus were calculated by subtracting the 5-s discharge rate (spikes/s, 301 or Hz) to each stimulus from its preceding 5-s discharge rate to water. In some comparisons, in 302 addition to the corrected responses, the 5-s normalized responses were also calculated (baseline = 303 1) to control for a potential effect from differential baseline activity between strains with respect to 304 neuronal categories. For surgery and concentration effects, 2-way ANOVAs were performed. 305
When appropriate posthoc t-tests were used to determine the source of statistically significant 306 differences. All data were expressed as means + SEM. Differences were considered statistically 307 significant if P<0.05. Statistical analyses were computed with Statistica software for PC (Version 308 6.1.; StatSoft inc., Tusla, OK). 309
Based on the poststimulus 5-s response magnitudes compared to the prestimulus 5-s 310 baseline activity of the neurons (during continuous water stimulation of the tongue), 5 major 311 classes (NaCl (N)-best, sucrose (S)-best, citric acid (C)-best, quinine-HCl (Q)-best, or MSG (M)-312 best) were characterized and further divided in subclasses. A neuron responding exclusively to one 313 taste stimulus (e.g. Ns, Ss, Cs, Qs and Ms neurons) was classified as "taste-specialist", whereas 314
neurons that responded to more than one taste stimulus (e.g. Nx, Sx, Cx, Qx and Mx neurons) were 315 labeled as "taste-generalist". 316
For evaluation of the sucrose-concentration response functions of the individual PBN taste 317 neurons we used the following parameters that were found useful to capture differences between 318 obese and lean rats in our previous study [35] . After the experiments, the rats were given a lethal dose of Nembutal (100 mg/kg, IP) and perfused 337 intracardially with 0.9% saline and 10% Formalin. The brain was removed, and 40-µm frozen 338 slices were cut. Sections were stained with cresyl violet and studied under a light microscope to 339 verify placement of the electrode tracks. 340
Food Intake 344
As expected, preoperative daily food intake was increased approximately two fold in the 345 OLETF vs. LETO rats (36.4 ± 2.5 g vs. 20.76 ± 1.5 g; p < 0.01). The mean daily caloric intake 346 normalized to body weight was 27% higher in the OLETF rats (0.28 kcal/gBW vs. 0.22 kcal/ 347 gBW). After GBS, we compared food intake from postoperative day 4 to 25. Because the controls 348 were pair-fed, the only sensible comparison was between the GBS groups. Whereas absolute daily 349 food intake was similar over time in the LETO-GBS and OLETF-GBS groups (Day 4 -11: 12.8 ± 350
1.5 g vs. 11.76 ± 1.5 g; Day 12 -18: 25.2 ± 1.4 g vs. 26.8 ± 1.6 g ; Day 19 -25: 23.2 ± 0.6 g vs. 351
25.6 ± 1.4 g), when normalized to body weight the OLETF-GBS overall consumed less calories 352 per body weight than the LETO-GBS animals (0.17 kcal/gBW vs 0.19 kcal/gBW). However, 353 thisconsumption represented a smaller (60-65%) reduction relative to the presurgical intake in the 354
OLETF-GBS versus LETO-GBS rats (85-90%). 355 356
Body weight 357 to LETO rats (p<0.05). As noted, water restriction is required for testing aversive compounds 362 (Postoperative day 28 through 40; solid black line in Fig. 1 ). Because of the pair-feeding design, 363 all groups lost weight during the study. However, the greatest effect occurred in OLETF-GBS rats 364 which lost 25-30% of starting weight (OLETF-GBS vs. OLETF-SH: F 1,380 = 0.24, p < 0.001)during the study period. In contrast, weight loss throughout the study was similar in the in LETO-366 GBS and LETO-SH rats (F 1,387 = 42.19, p = 0.626) . 367
An overall ANOVA on percent change of body weight (not shown) allowed direct 368 comparison of the effects of the surgeries between obese and lean rats with significantly different 369 absolute body weights. The analysis revealed a significant interaction for strain x surgical 370 condition (F 3,810 = 55.05, p < 0.001) and whereas the effect of GBS was significantly different 371 between obese and lean rats (p <0.01), weight loss in the surgical controls was statistically 372 identical. blood glucose levels were normal in all groups and did not differ between strains. However, 378 glucose tolerance was significantly impaired in OLETF rats at both time points compared to age-379 matched LETO controls. The OGTTs showed significantly higher glucose levels in sham-operated 380 OLETF relative to LETO rats at 30 min on postoperative week 2 (30 min: 232 ± 24 mg/dl vs. 158 381 ± 15 mg/dl, p < 0.01; open symbols in Fig. 2A, and B) . On postoperative week 7, in addition to 30 382 min, the 60 and120 min blood glucose readings were also higher in the OLETF rats compared to 383 LETO rats (30 min: 275 ± 29 mg/dl vs. 167 ± 11 mg/dl, p < 0.01; 60 min: 201 ± 12 mg/dl vs. 144 384 ± 17 mg/dl, p < 0.05, 120 min: 141 ± 10 mg/dl vs. 114 ± 5 mg/dl, p < 0.05; open symbols in Fig.  385 2C, and D). Area under curve (AUC) analysis revealed that OLETF rats expressed 180% and 386 215% increased blood glucose responses at 2 wks and 7 wks, respectively (p < 0.01 for both 387 comparisons). The OLETF-GBS rats demonstrated significantly improved oral glucose tolerance 388 compared to OLETF-SH at both time points. That is theydisplayed lower peak blood glucose 389 values following a gastric load (30 min at 2 wk: 145 ± 10 mg/dl vs. 232 ± 24 mg/dl, p < 0.01, and 390 7 wk: 184 ± 37 mg/dl vs. 275 ± 29 mg/dl, p < 0.05; Fig. 2B , and D), and a lower AUC (2 wk: -391 58%, and 7 wk: -35%, p<0.01 for both comparisons). In contrast, GBS had no effect on glucose 392 tolerance in lean controls at any time point tested. 393 -Insert Fig. 2 
approximately here -394 395
Responses to sweet tastants 396
Sucrose. Concentration-response function generated for sucrose was different between 397 OLETF and LETO rats (concentration x strain: F 5,75 = 5.29, p < 0.001). RM-ANOVA revealed 398 significant strain x treatment effects (F 1,15 = 6.71, p < 0.03), and a significant 3-way interaction for 399 concentration responses (concentration x strain x treatment: F 5,75 = 3.16, p < 0.02). Post hoc tests 400
showed that compared to LETO-SH, OLETF-SH rats made more licks for the higher solutions 401 (above 0.1M, p < 0.01 for all; see not alter lick responses to sucrose at any concentrations ( Fig. 3A right panel) . 405
Fructose. As with sucrose, the concentration-response function for fructose differed 406 between groups with respect to strain and treatment (F 5,75 = 2.82, p < 0.03). Compared to LETO-407 SH, OLETF-SH showed increased responses to the highest concentrations (0.8M, and 1.6M, 408 p<0.05 for both concentrations, see Fig. 3B ). Again, GBS significantly alleviated these increased 409 lick responses in the OLETF rats (p < 0.05, see Fig. 3B , left panel), while having no effect on 410 fructose licking in lean rats (Fig. 3B, right panel) .Na-saccharin. Unlike carbohydrates, an RM-ANOVA revealed a non-significant strain x 412 treatment effect for the non-caloric sweetener Na-saccharin (F 1 , 13 = 0.23, p = 0.68, N.S.; Fig. 3C ). 413
Nevertheless, post hoc analysis showed a decreased response at 0.1 and 0.2 % Na-saccharin in 414 OLETF rats that received GBS compared to pair-fed surgical controls (OLETF-SH; p < 0.01, p < 415 0.05, respectively, see Fig. 3C ). 416
Alanine. Similar to preferred carbohydrates, the concentration-response function for the 417 sweet aminoacid alanine differed between groups (F 4,56 = 3.22, p < 0.05). Whereas the LETO 418 groups showed a flat concentration-function for alanine, and no effect by GBS (Fig. 3D, right  419 panel), OLETF-SH rats had an increased response to the higher concentrations of alanine solutions 420 (0.3, and 1.0M, p<0.05 for both, see Fig. 3D , left) and a significant reduction following GBS (p < 421 0.05). 422 -Insert Fig. 3 approximately here -423
424
Responses to non-sweet tasting compounds 425
NaCl. The strain x treatment effect was not significant for NaCl (F 1,15 = 0.14, p = 0.72, 426 N.S.; Fig 4A) . Whereas OLETF rats exhibited a non-significant trend of increased lick responses 427 to the most preferred NaCl concentrations (0.03-0.1M; see Fig 4A, left panel) , there was no 428 reliable effect by surgery on concentration-response function (F 4,60 = 1.16, p = 0.37, N.S.; Fig 4A) . 429
MSG. The concentration-response function for MSG was overall flat with a trend for 430 increased responsivity to higher concentrations by the OLETF rats compared to LETO. However, 431 GBS had no effect in either strain (F 1,15 = 0.81, p = 0.38, N.S.; Fig 4B) or concentration between 432 strains (F 4,60 = 0.84, p = 0.51, N.S.; Fig 4B) .
Citric acid. Concentration-response function generated for citric acid was not different 434 between groups (Fig. 4C) . Both strains preferred only the lower concentrations (0.01, 0.03M) 435 while showed an indifference-aversion response to higher concentrations. Again, GBS had no 436 effect on either effect in either strain (F 4,60 = 1.60, p = 0.18, N.S.; Fig 4C) . 437
Quinine-HCl. Whereas RM-ANOVA revealed no overall difference in concentration 438 responses to quinine-HCl between strains as a function of surgery (F 5,75 = 1.07, p = 0.38, N.S.; Fig.  439 4D), OLETF-GBS rats appeared to be less sensitive to the lowest concentration (0.03 mM/l) 440 compared to any other groups (Fig. 4D, left panel) . 441
Capsaicin. The trigeminal stimulus, the irritant capsaicin was used to test non-taste 442 orosensory effects of GBS (not shown). The concentration x strain x treatment interaction was not 443 significant when assessing lick difference score ( higher body weights compared to the subjects of Experiment 1. Table 1 includes the initial and  463 final body weight for rats used in Experiment 2. At this point, OLETF-SH rats were significantly 464 heavier than OLETF-GBS (+27%, p<0.01). In Experiment 2, a single OGTT was performed in 465 each individual rat at the end of the study before the animal was euthanized (14-16 wks following 466 the surgeries). In these older animals (38.8 ± 1.9 wks) as diabetes progressed in the ad libitum fed 467 OLETF-SH, an effect of GBS on improving glucose tolerance was even more pronounced than in 468 nucleus. This approximate location is consistent with previous samples from chronic and semi-483 chronic studies [24, 37, 38] and with acute experiments in which localization was an objective 484 [48] . Since the penetrations were made over the course of a month, and assuming an accuracy of at 485 best 100 μm for such measurement in chronic studies, more precise localization of individual 486 recording sites is impractical. 487
488
Basic characteristics of taste neurons 489
We recorded and analyzed taste responses elicited by 170 PBN neurons in 8 obese OLETF 490 and 8 lean LETO rats. Based on the largest response to the standard stimuli, the neurons were 491 classified in subcategories. These categories and the distribution of the recorded neurons are 492 summarized in Table 1 . 493
Whereas the average spontaneous firing rate (10.08 ± 0.64 Hz) did not differ between 494 strains and surgical groups, a detailed analysis revealed lower baseline firing rate in the sucrose-495 best units in LETO-GBS compared with LETO-SH rats (4.76 ± 1.46 Hz vs. 8.39 ± 1.98 Hz, p < 496 0.02). In contrast, GBS did not alter spontaneous activity of sucrose-best neurons in OLETF rats 497 (6.18 ± 0.84 Hz vs. 6.04 ± 1.48 Hz). 498 499 -Insert Table 1 approximately here -500
Overall response profiles 502
An analysis of normalized response magnitudes (spike/s) revealed no significant difference 503 in neural responses to NaCl, citric acid, quinine or MSG between the four experimental groups. In 504 contrast, we found significant differences in the sucrose responses with respect to surgical 505 conditions and the applied concentration (Fig. 6) . Overall ANOVA showed differences between 506 groups above 0.3M sucrose that became larger with increasing concentrations (0.3M: 
Sucrose concentration-response function 518
A detailed analysis revealed significant differences in specific aspects of neural 519 concentration-responses to oral sucrose. These effects are summarized in Fig. 7 . Multivariate 520 ANOVA showed strain x treatment interaction effects for the response threshold, or the first 521 significant response concentrations (F 3,139 = 2.921, p < 0.05) and maximum response 522 concentrations to sucrose (F 3,139 = 8.589, p < 0.001). In contrast, there was no statistical difference 523 in the maximum effective concentrations. Taste-responsive neurons in obese OLETF-SH ratsshowed a shift in their concentration response functions towards higher concentrations of sucrose 525 compared to lean LETO-SH controls. Specifically, in the OLETF-SH the first significant response 526 concentration and maximum response concentration were elevated by 65.7% (p < 0.05) and 72.6% 527 (p < 0.001), respectively. The major observation was that GBS reversed this shift back to control 528 levels. Compared to obese OLETF-SH, OLETF-GBS rats showed lower first significant response 529 concentration (p < 0.02) and lower maximum response concentration (p < 0.001). In fact, all 530 concentration responses were statistically identical between the OLETF-GBS and LETO-SH rats. The current study demonstrates decreased taste preference for palatable sucrose and other 550 sweet-tasting compounds following Roux-en-Y gastric bypass surgery in the obese OLETF rat 551 model. We also report the first electrophysiological evidence that central taste processing for sweet 552 is altered by GBS. The use of the CCK-1 receptor deficient OLETF rats which develop obesity due 553 to impaired meal-size control is helpful to delineate contribution of CCK signaling to the 554 beneficial effects of GBS (e.g. glucose control, behavior and neural functions). The following 555 discussion reviews specific findings, speculates on potential underlying mechanisms, and identifies 556 targets for future research. 557 558
Effects of GBS on body weight and glucose control 559
The current study is the first to report on weight loss and glucose tolerance in the obese 560 OLETF rat following a bariatric surgery. In this model, we found that weight loss and 561 improvements in blood glucose control are similar to that observed in GBS patients. The observed 562 weight loss (26%) is similar to the 30% reduction commonly observed in patients and was 563 maintained over a long postsurgical period also in our rat model. These findings support the notion 564 that CCK signaling is not critical to weight management and improved appetite control following 565 GBS [58] . Improvements in oral glucose tolerance were apparent shortly after GBS (2wks), 566 maintained over time, and appear to be related to the effects of GBS on gastrointestinal anatomy 567 rather than food restriction alone. These observations reinforce previous studies indicating that 568 restricted caloric intake following GBS is not sufficient to explain postoperative improvements in 569 glucose homeostasis. The use of rats provided us with the unique opportunity to study effects of 570 GBS in a lean subject. Surprisingly, in lean rats GBS caused no additional weight loss compared 571 with caloric restriction from pair-feeding in Experiment 1. This finding supports the notion that 572 restricted intake following GBS is not the most critical factor contributing to improved weight 573 management. 574
575
Behavioral Effects of GBS on Sucrose Preferences 576
Altered food preferences in GBS patients have long been considered to contribute to its 577 beneficial effects [4, 6] . For example, Sclafani et al. described altered carbohydrate preferences 578 following various GI surgeries in rats [54] . In contrast, the present study used a gustometer to 579 evaluate taste functions which minimizes the effects of postingestive feedback [11] . We identified 580 increased responsiveness to sweet-tasting compounds in OLETF rats [13, 21] , and also determined 581 the effect of GBS on taste sensitivity (concentration responses) to various chemicals. The major 582 finding of the present study is that GBS alleviates increased taste preference in OLETF rats in a 583 specific manner, affecting only responsiveness to sweet tastants while concentration functions 584 remain unaltered to other taste qualities. Moreover, the taste effects of GBS and the corresponding 585 reduced intake of sucrose in long-term choice tests were observed in obese but not lean rats. This 586 observation supports our hypothesis that taste preferences in OLETF are altered in ways that are 587 specific to mechanisms that code for sweet and the effect of GBS -at least in part -to reverse 588 these deficits. As with body weight and glucose control, CCK signaling appears to have a 589 negligible effect in behavioral responses to sweet taste following GBS. 590
Using single neuron recordings in the PBN of OLETF rats, our laboratory recently 593 demonstrated decreased neural responses to lower concentrations of sucrose and exaggerated 594 responses to higher concentrations [35] . The current study extends this observation to characterize 595 the effects of GBS on taste coding. Whereas the findings in the surgical controls (OLETF-SH vs. 596 LETO-SH) basically reproduced the strain differences observed in our previous study, the effects 597 of GBS were novel and surprising. Following GBS, OLETF rats demonstrate neural concentration-598 response functions to oral sucrose stimulation that are indistinguishable from those of lean rats 599 with or without GBS. Specifically, GBS attenuated the increased neural responses to higher 600 concentrations of sucrose in the OLETF rats to the level of lean controls. Following GBS, the 601 taste-responsive PBN neurons in the OLETF rats expressed concentration sensitivity (i.e. the 602 maximum responses occurring at lower concentrations) similar to lean rats. Thus, taste code in the 603 PBN not only reflects chronically increased appetite in this model of obesity, but also appears to be 604 influenced by postsurgical changes in GI anatomy. These findings support the notion that PBN 605 taste activity -at least in part -carries affective information that probably includes the actual 606 hedonic value of the stimulus, commonly described as palatability. The presence of a 607 corresponding behavioral change (i.e. reduced preference and intake of palatable meals) following 608 GBS further supports this claim. 609
610
Potential mechanisms 611
Taste functions encompass primary sensory and affective processes. Consequently, the 612 GBS procedure may impact either or both processes. Sensory processing is initiated by taste cells 613 located on the tongue and in the oral cavity. Hormones that regulate feeding status and metabolic 614 states may alter taste signaling acting on receptors located on taste cells or on the afferent nerve nutrients [33, 51] . On this basis, one may suppose that the observed effects in the OLETF rat were 620 due to the loss of CCK-1 receptor functions. However, there is evidence arguing against this 621 supposition. First, it has been shown that peripheral CCK-1 receptors are not required for 622 acquisition of conditioned taste preferences or aversions [12, 32] . Second, it has been generally 623 considered that CCK is not involved in the mechanisms of GBS [31, 58] . Lastly, our preliminary 624 data [20] and its recent replication by others [64] shows similar alterations in behavioral taste 625 functions following GBS in dietary obese rats with intact CCK signaling. 626
The reward produced by ingesting food, the so-called hedonic responses to taste, modulates 627 homeostatic controls such that the meal-size and, in turn, the overall regulation of body weight. 628
Thus, it is also feasible that GBS alters integration of peripheral and central signals that are critical 629 to food reward. Such an effect might occur in forebrain reward areas, such as the mesolimbic 630 dopamine system, or in the sensory nuclei themselves, or both. For taste, there is evidence for both 631 [46] . In addition to research showing that the hindbrain taste relays are uniquely positioned to 632 integrate systems controlling energy balance and sensory-motivational aspects of taste-guided 633 behaviors (see [7, 43, 137 ] for reviews), we recently demonstrated that the gustatory PBN is 634 critical to sucrose's oral effects to stimulate the mesoaccumbens reward system [22, 45, 47] . 635
There are multiple signals and mechanisms that can modulate neural processing of afferent 636 information within the PBN. In addition to expressing insulin and leptin receptors [17], PBNhypothalamus [1] . Unlike in the hypothalamus, the exact role of the insulin and leptin receptors 639 expressed in the hindbrain remains unknown. However, recent studies suggest that in addition to 640 energy homeostasis, reward processes are also influenced by insulin and leptin [15] . Therefore, it 641 is possible that improvements in insulin and leptin signaling following GBS contribute to the 642 observed changes in taste reward functions. 643
Whatever the cause for altered PBN taste processing after GBS (i.e. modulation of the taste 644 afferents or top-down influence from reward or homeostatic regulating circuitries), the coding 645 scheme observed in the present study is consistent with the effect of gastric distension, an 646 inhibitory feedback signal that enhances satiation and diminishes taste reactivity [7, 18] . Gastric 647 distension has been shown to reduce sucrose-evoked neuronal activity in the PBN while NaCl-648 responses remain unaltered [2] . This suggests that the PBN may take part in neural processes 649 underlying hedonic evaluation of gustatory information and may contribute to the regulation of 650 meal-size by increasing or reducing the oro-sensory positive feed-back. The present data reinforces 651 previous findings showing that pontine taste code is altered in obese rats and demonstrates for the 652 first time that GBS reverses these deficits. It remains to be determined, however, whether these 653 observed changes in gustatory neuronal responses lead or follow the changes in appetite and food 654 preferences. 655
Finally, the lack of effect of GBS on either behavioral or neural taste functions in lean rats 656 strongly suggests GBS resets obesity-related alterations in taste and ingestive behavior. A 657 commonly posited mechanism to explain decreased sweet preferences after GBS is an acquired 658 aversion to carbohydrate-rich meals which may result in an intestinal discomfort and diarrhea 659 collectively called dumping syndrome [62] . However, the current study found no evidence forphenotype of the OLETF rat can not explain this, because we found no taste aversion in the control 662 LETO rats that received GBS. However, in the current study rats had only limited exposure to 663 sucrose unlike patients with substantial intake, at least initially, as they make their transition from 664 eating high carbohydrate diets to healthier diets. As with all feeding studies in rats, there must be a 665 consideration of the lack of cognitive factors and dietary awareness all of which are important 666 components of postsurgical dietary management of the GBS patients. Therefore, further studies are 667 required to delineate different aspects of taste functions in GBS patients. 668
Perspectives 670 This study demonstrates effects of GBS on basic variables of both the sensory input and 671 behavioral output branches of the neural systems mediating sucrose preference. We do not suggest, 672
however, that the findings reported in this paper are the only neural consequences of GBS related 673 to altered postsurgical food preferences. Further research focusing on the afferent signals (e.g., GI 674 hormones), as well as the mechanisms upstream to the steps mediating activation of the food 675 reward circuitries (e.g., dopamine, opioid, cannabinoid modulation), are still critically important. 676 
